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Abstract 
Unsteady MHD free convection and mass transfer flow through a vertical oscillatory porous plate with hall, ion-slip currents and 
heat source in a rotating system are studied. The governing equations of the problem contain a system of non-linear coupled 
partial differential equations. The coupled non-linear partial differential equations are solved by explicit finite difference method 
and the numerical results have been calculated by Compaq Visual 6.6a. For good accuracy, stability and convergence analysis 
have been analyzed. The results of this investigation are discussed for the different values of the well-known parameters and are 
shown graphically. 
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1. Introduction  
The MHD mass transfer flow under the action of strong magnetic field plays a decisive role in astrophysical and 
geophysical problems. Hall and ion-slip currents are likely to be important in flows of laboratory plasma. When the 
conducting fluid is partially-ionized gas, e.g. water gas seeded with potassium, the Hall and ion-slip currents are also 
significant. Hence it is now proposed to study the MHD free convection flow of a partially-ionized gas past an 
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infinite vertical porous plate in a rotating system of reference when a strong magnetic field of a uniform strength is 
applied perpendicularly to the flow. Combined effects of hall and ion-slip currents  on free convective heat 
generating flow past a semi-infinite vertical flat plate have been investigated by Abo-Eldahab et al. [1]. Attia [2]  has 
discussed the combined effects of hall and ion-slip current of a conducting fluid flow due to a rotating disk. Osalusi 
et al. [3] have studied the combined effects of hall and ion-slip currents in MHD flow over a porous rotating disk. 
Ghara et al. [4] studied the effects of hall and ion-slip current on the flow induced by torsional oscillations of a disc 
in a rotating system. Maji et al. [5] studies Hall effects on hydromagnetic flow on an oscillating porous plate.  
In this paper, our aim is to study the effects of hall and ion-slip currents on the unsteady MHD flow through a 
viscous incompressible electrically conducting fluid with the oscillations of an infinite non-conducting vertical 
porous plate.  
 
Nomenclature 
 
, ,x y z  Cartesian co-ordinates  eE  Hall parameter 
, ,u v w  Velocity components iE  Ion-slip parameter J  Permeability of the Porous Medium k  Magnetic permeability of the porous medium 
R  Rotational parameter E  Thermal expansion co-efficient 
wT  Temperature at the plate E  Concentration expansion co-efficient 
Tf  Temperature outside the boundary layer. D  Heat source parameter 
wC  Concentration at the plate Q  Kinematic viscosity 
Cf  Concentration outside the boundary layer U  Density of the fluid :  Rotational velocity component eV  Electrical conductivity 
U  Dimensionless primary velocity  V  Thermal conductivity 
W  Dimensionless secondary velocity pc  Specific heat at constant pressure 
T  Dimensionless fluid temperature mD  Co-efficient of mass diffusivity 
C  Dimensionless fluid concentration Q  Heat absorption quantity   
J  Current density Tk  Thermal diffusion ratio 
B  Magnetic field mT  Mean fluid temperature 
oB  Magnetic component rP  Prandtl number 
0U  Uniform velocity 0S  Soret number 
rG  Grashof number cS  Schmidt number 
mG  Modified Grashof number H  Arbitrary constant 
 
2. Mathematical formulation 
The unsteady flow of an electrically conducting incompressible 
viscous fluid past semi-infinite vertical porous plate  ൌ Ͳ has been 
considered, with the  െaxis chosen along the plate, when the plate 
velocity ሺሻ oscillates in with a frequency  and is given as 
ሺሻ ൌ Ͳሺͳ ൅ ሻ . The flow is assumed to be in the 
െdirection and which is taken along the plate in the upward 
direction and െaxis is normal to it. Initially the fluids as well as 
the plate are at rest but for time ൐ Ͳthe whole system is allowed to 
rotate with a constant angular velocity π  about the െ axis.  
Initially, it is considered that the plate as wall as fluid is at the same 
temperatureሺൌ λሻand concentration levelሺൌ λሻ. Also it is 
assumed that the temperature of the plate and spices concentration 
are raised toሺ൐ λሻandሺ൐ ܥλሻ respectively, which are there 
Fig.1.Physical configuration and coordinate system 
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after maintained constant, where ǡ are temperature and species concentration at the wall andλ ǡ λ  are the 
temperature and the concentration of the spices outside the boundary layer respectively, the physical configuration 
of the problem is shown in Fig. 1. A uniform magnetic field B is acting transverse to the plate. Using the relation
. 0 B =  or the magnetic field   0, , ,x y z yB B B B B  B  has been considered everywhere in the fluid 0(B is a 
constant).  The induced magnetic field is neglected since the magnetic Reynolds number of a partially-ionized fluid 
is very small. If  , ,x y zJ J J J  is the current density, from the relation . 0, yJ  J = constant has been obtained. 
Since the plate is electrically non-conducting, 0yJ  at the plate and hence zero everywhere.  The dimensional 
governing equations are; 
Continuity equation: 0u v
x y
w w  w w              (1) 
Momentum equation:  
22
0
2 2 2
( )
( ) ( ) 2
( )
e e e
e e
B u wu u u uu v g T T g C C w u
t x y ky
V D EQQ E E U D Ef f
w w w w         :  w w w w                        (2) 
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2 2 2
( )2
( )
e e e
e e
B u ww w w wu v u w
t x y ky
V E DQQ U D E
w w w w    :  w w w w                           (3) 
Energy equation:     
2
2 ( )
p
T T T Tu v Q T T
t x y c y
V
U f
w w w w    w w w w                                       (4) 
Concentration equation           
2 2
2 2
m T
m
m
D kC C C C Tu v D
t x y Ty y
w w w w w   w w w w w                                                   (5) 
The initial and boundary conditions for the model are; 
0, 0, 0, , for 0
0, 0, 0, , at 0, 0
u v w T T C C t
u v w T T C C x t
f f
f f
     d ½¾      ! ¿                                        (6) 
 int int0 1 , 0, 0, , 0, 02
0, 0, 0, , , 0
w wu U e e v w T T C C at y t
u v w T T C C at y t
H 
f f
½ª º        ! °« »¬ ¼ ¾°     of ! ¿
                                                  (7) 
The dimensionless governing equations have been obtained by using the following dimensionless variables. 
2
0 0 0
0 0 0 0
, , , , , , ;
w w
xU yU tU T T C Cu v w nX Y U V W T C
U U U U T T C C
QW ZQ Q Q
f f
f f
           
 
The dimensionless governing equations are: 
0U V
X Y
w w  w w                (8) 
 
 
2
2 2 2
2 e er m
e e
M U WU U U UU V G T G C RW U
X Y Y
D EJW D E
w w w w       w w w w                                      (9) 
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M U WW W W WU V RU W
X Y Y
E DJW D E
w w w w     w w w w                         (10) 
2
2
1
r r
T T T TU V T
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D
W
w w w w   w w w w                                                                                                                       (11) 
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2 2
02 2
1
c
C C C C TU V S
X Y S Y YW
w w w w w   w w w w w            (12) 
 
The boundary conditions are ; 
0, 0, 0, 0, 0 for 0
0, 0, 0, 0, 0 at 0, 0
U V W T C
U V W T C X
W
W
½     d °¾      ! °¿
                                    (13) 
 i i1 1, 0, 0, 1, 1 0, 0
2
0, 0, 0, 0, 0 , 0
U e e V W T C at Y
U V W T C at Y
ZW ZWH W
W
 ½         ! °¾°     of ! ¿                                                                (14)
 
Where, 3
0
( )w
r
g T TG
U
E Qf (Grashof Number), 3
0
( )w
m
g C CG
U
E Q f (Modified Grashof Number), 
2
0
2
0
e BM
U
V Q
U 
(Magnetic Parameter), pr
c
P
U Q
V (Prandtl  Number), c mS D
Q (Schmidt Number), 0 ( )( )
m T w
m m
D k T TS
T C CQ
f
f
   (Soret  
Number), 2
0
R
U
Q:  (Rotational Parameter), 
2
2
0
pQ c
U
Q UD V  (Heat Source Parameter), 
2
2
0kU
QJ  (Permeability of the 
Porous Medium) 
 
3. Shear stress, Nusselt number and Sherwood number 
The quantities of chief physical interest are the local shear stress, Nusselt number, Sherwood number. The following 
equations represent the shear stress  0
0
x
y
u
y
W P
 
§ ·w ¨ ¸w© ¹
 which is proportional to 
0y
U
y  
§ ·w¨ ¸w© ¹
. Nusselt number 
0
0
u
y
TN
y
P
 
§ ·w  ¨ ¸w© ¹
which is proportional to 
0y
T
y  
§ ·w¨ ¸w© ¹
and Sherwood number 0
0
h
y
CS
y
P
 
§ ·w  ¨ ¸w© ¹
which is proportional 
to 
0y
C
y  
§ ·w¨ ¸w© ¹
.  
4. Numerical Solution  
In this section, the governing second order nonlinear coupled 
dimensionless partial differential equations have been solved 
with the associated initial and boundary conditions. For 
simplicity the explicit finite difference method has been used to 
solve equation (8) to (12) subject to the initial and boundary 
conditions (13)-(14). The present problem is required a set of 
finite difference equation. In this case the region within the 
boundary layer is divided into grid or meshes of lines parallel to 
X  and Y  axes where X -axis is taken along the plate and Y -
axis is normal to the plate.  Here the plate of height 
max ( 100)X   is considered i.e. X  varies 0 to 25 and max ( 25)Y   
as corresponds to Y of i.e. Y  varies from 0 to 25. There are 
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( 150)m  and ( 150)n   grid spacing in the X  and Y direction as shown ,X Y' '  are constant mesh size along e 
constant mesh size along X  and Y direction as follows 0.67(0 100)X X'  d d and  0.17(0 25)Y Y'  d d  with 
smaller time step 0.005t'  . 
 
  Let  , , ,U W T Cc c c c  denoted the values of , , ,U W T C  at the end of a time-step respectively. Using the explicit 
difference approximation these have been mentioned. 
From the system of partial differential equations (8) to (12) with substituting the above relations into the 
corresponding differential equation we obtain an appropriate set of finite difference equations 
, 1, , , 1 0i j i j i j i j
U U V V
X Y
 c c   ' '                                                                   
(15) 
 
 
, , , 1, , 1 , , 1 , , 1
, , , , , ,2
, ,2 2
2
2i j i j i j i j i j i j i j i j i ji j i j r i j m i j i j i j
e i j e i j
e e
U U U U U U U U U
U V G T G C RW U
X Y Y
M U W
JW
D ED E
   c           ' ' ' '
 
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                                                                (18) 
   
, , , 1, , 1 , , 1 , , 1 , 1 , , 1
, , 02 2
2 21i j i j i j i j i j i j i j i j i j i j i j i j
i j i j
c
C C C C C C C C C T T T
U V S
X Y S Y YW
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                                 (19) 
and boundary conditions with the finite difference scheme are  
0 0 0 0 0
, , , , ,
0, 0, 0, 0, 0,
0, 0, 0, 0, 0
0, 0, 0, 0, 0 at 0
i j i j i j i j i j
n n n n n
j j j j j
U V W T C
U V W T C X
½     °¾      °¿
         (20) 
,0 ,0 ,0 ,0 ,0
, , , , ,
1, 0, 0, 1, 1 0
0, 0, 0, 0, 0 where
n n n n n
i i i i i
n n n n n
i L i L i L i L i L
U V W T C at Y
U V W T C L
½      °¾     of °¿
        (21)
 
Here the subscripts i  designate the grid points with Y  coordinates and the superscript n represents a value of time, 
nW W '  where 0,1,2,3,....n  . At the end of any time step W' ,the new primary velocity U c  and the new 
secondary velocity W c , the new temperature T c , the new concentration Cc at all interior nodal may be obtained by 
successive applications of equations (16), (17) ,(18), (19) respectively.  
The stability conditions of the explicit finite difference method are  
 2
2 1
2
VU
X Y Y
WW W J W'' ' '   d' ' ' ,  2
2 1
2
VU
X Y Y
WW W J W'' ' '   d' ' '  ,  2
2 1
2 rr
VU
X Y PP Y
WW W D W'' ' '   d' ' ' ,
 2
2 1
c
VU
X Y S Y
WW W'' '  d' ' ' and the convergence criteria of the method are 0.35, 0.35r cP St t  
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5. Results and Discussion 
For the purpose of discussing the effects of various parameters on the flow behavior, numerical calculations have 
been carried out for different values of heat source (D ), Hall parameter ( eE ), ion-slip parameter ( iE ) and magnetic 
parameter ( M ). The results of numerical calculations are shown in Figs. 3(a)-5(d). The shear stress ( xW ) for x-
direction is shown in Figs. 3(a)-3(d). From Figs. 3(a) and 3(d) it is observed that shear stress xW decrease with the 
increase ofD  and M but it increase with the increases of eE  and iE  which are shown in Figs. 3(b) and 3(c). In 
Figs.4 (a)-4(d) Nusselt number ( uN ) has shown for the effect of heat source parameterD , Hall parameter eE , ion-
slip parameter iE and magnetic parameter M respectively. The Nusselt number uN decreases with the increase of 
heat source parameter, Hall parameter and Ion-slip parameter which are shown in Figs. 4(a)-4(c)  while the Nusselt 
number uN decreases with the increase of magnetic parameter M which are observed in Fig. 4(d). The profiles for 
Sherwood number ( hS )for different values of heat source parameterD , Hall parameter eE , ion-slip parameter iE
and magnetic parameter M are represented in Figs. 5(a)-5(d). From Figs. 5(a) and 5(d) it is seen that Sherwood 
distribution profiles hS  decrease with the increase of D  and M  while it increase with the increases of eE  and iE in 
Figs. 5(a) and 5(d). 
 
  
Fig.3(a)  Shear stress for different values of   heat source parameter  D  
 
Fig. 3(b)   Shear stress for different values of  Hall parameter eE  
  
Fig.3(c)   Shear stress for different values of  Ion-slip  parameter iE  Fig.3(d)  Shear stress  for different values of  magnetic parameter  M  
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Fig. 4(a) Nusselt  number for different values of heat source   
          parameter D  Fig. 4(b)  Nusselt number for different values of Hall parameter 
eE  
 
  
Fig. 4(c)   Nusselt  number for different values of Ion-slip    
            parameter iE  
Fig. 4(d)   Nusselt  number for different values of   magnetic   
Parameter M  
 
  
Fig.5(a)   Sherwood number for different values of  heat  
source parameter D  Fig. 5(b)  Sherwood number for different values of  Hall                 parameter eE  
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Fig. 5(c)  Sherwood number for different values of  Ion-slip    
             parameter iE  
Fig. 5(d)  Sherwood number for different values of   magnetic 
parameter M  
Conclusions 
In this paper, MHD free convection and mass transfer flow through a vertical oscillatory porous plate with Hall, ion-
slip currents and heat source in a rotating system is presented. Results are presented graphically to illustrate the 
variation shear stress, Nusselt number and Sherwood number with various parameters. In this study the following 
conclusions are set out: 
1. The shear stress increases with an increase of Hall and ion-slip parameters while it decreases with the 
increase of heat source and magnetic parameters. 
2. Nusselt distribution increases with the increase of heat source, Hall and ion-slip parameters. On the other 
hand, it decreases with an increase in the value of magnetic parameter. 
3. Sherwood distribution increases with the increase of Hall and ion-slip parameters while it decreases with 
the increase of heat source and magnetic parameters. 
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